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Discrimination of four ginseng species of the Panax genus
using direct infusion-MS/MS

combined with multivariate statistical analysis
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Aite] WML AIPeL] Yl Ul B A AGIHACL.

-Panax ginseng (PG)
-Panax notoginseng (PN)
-Panax quinquifolium (PQ)

-Panax vietnamensis (PV)

LC-MS £4 4@g 95l thaat 22 8u) % Aok AMgstach

-Water (J.T. Baker, USA)
-Methanol (J.T. Baker, USA)
-Acetonitrile (J.T. Baker, USA)
-Formic acid (Sigma Aldrich, USA)

1-2. A7) 7

-Adjust pipette (20~200 pL, 100~1000 pL, Eppendorf AG, Hamsburg, Germany)
-Pippette tips (20~200 pL, 100~1000 uL, Eppendorf AG, Hamsburg, Germany)
-Centrifuge tube (1.5 mL, 2.5 mL, Eppendorf AG, Hamsburg, Germany)

-Centrifuge (Eppendorf AG, Hamsburg, Germany)

-Conical tube (15 mL, SPL Life sciences Co. Ltd)

-PTFE meebrane filter (0.2 um, Sartorious Stedim Biotech GmbH, Goettingen,
Germany)

-Liquid nitrogen

-Volumetric flask (500 mL, Schott Duran, Germany)



1-3. &4717]

-HPLC: 2795 system (Waters Corporation, Milford, MA, USA)
-Detecter: Quattro Micro triple quadrupole mass spectrometrt (Waters Corporation,

Milford, MA, USA)
-Column: C18 column (50 X 2.1mm, 1.9 um, Perkin-Elmer, Norwalk, CT, USA)
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FEEL Mame | Comp. 1| Comp. 2 | Comp. 3 | Comp. 4 | Comp. 5
. .| mecm : X ! : .
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» . :g: """ 9 | 28951 | 27298 | 21117 | 2731 | 271297 | Binsenoside Rgz, 783m/z: 27
” . 33| 26149 | 24659 | 24514 | 24533 | 24532 . .
" . . 37 | 24561 | 23253 | 23056 | 22886 | 22821 Ginsenoside Rb1; 1107m/z: 9
" * .. om 84 | 23166 | 21743 | 21635 | 2.1487 | 21471 . .
» . oomm " 5o [ 200 | 2oae [z [ 2o | @insenoside Rd; 946 m/z: 37
) . [ | _mim] . "
3| 21227 | 20117 | 1.9996 | 19848 | 19792 . .
“ . o J e e |  Quinquenoside R1;1149m/z: 73
. . ;gE 64| 17154 | 1.7606 | 17569 | 17737 | 1775
. e 39 | 14734 | 13936 | 16064 | 16071 | 16643
2 le omom 12| 13537 | 12764 | 12712 | 12639 | 12603
47 | 11595 | 11302 | 11223 | 112 | 11184
o 1s o o 73| 10406 | 1015 | 1011 | 10035 | 1.0009

* The VIP score shows which are the most important variables
over the model.

Figure 5. VIP A3 0] 19} Jof w& 7l oA A%

2-2. Target marker?] s

Aol Bl upAE ol&5to] DI-MS/MS #A10] A|S§E]qltt. DI-MS/MS#A2 LC-MSH
Hut Ze] &5 AFE = AR o] oY X|gh, w2y Zhdst wiolr] miwofl o] A
A o] &=t} FHH FAIRIo] ASIAIH, AleEo] Uf whE ARt A &0 MS/MS A
HEY Hojgg o7l migoltt. Ayt ol2fgh ATER HlojHE FollA o]9]
fragment WS QI 2 ot 9] LC-MSZAME Fdto] B oA &2 Q9 £8
‘4% ginsenoside 52 QI It o] DI-MS/MS ZioA= e | 1THES 1}

ZHIHE ™Ho|A m/z 100~4009] oje ®2 FAMSY et T ol2s0] dEHA

ct. 53], F2I3200A AH8E m/z 101, 113, 119, 161, 17952] mITHE xZHS0] Of
Bt 71E 9o yERd T o] ojejolke 323, 221 59 mef|IHER TALAC

Ginsenoside?] 7t & & 158 protopanaxadiol (PPD) 2 protopanaxatriol (PPT)o]
t}. PPD I§2 C-3¢F C-200] Fo] #0iqli, PPT J52 C-63t C-200] Fo] 20t
71 BRGIAE C-39 C-6 9Ix|9] Fol WA Holx|1, C-20 A9 Po| A&MoZ T
of ATt SR u|PAQ m/z 4599} 4755 71z} PPDIED PPT 189] ulgdolct. of
AdoA 24" MS/MS ZAxtoA= PPD 159 H|GAQ] m/z 4597 Bith. J2{u=s

i._ T H 4:11 T



o] AgoM dEd EMl oppi= 2% PPD 150 &35ts 240 2gH oty & 4
olth EFN 0bA FollA m/z 9459t 7832 PPD 11} PPT 159 v|GAS 2% HERY
oltt. E35] 945 o]22 Ginsenoside RAQt ReE T & RsIstYon, o] &= MBS HXI}=k
o] ZotM FAlol dEHU. 22t o] & 29 sty fx7F tpar] miZo M= o
s HERYATE E35] m/z 799+ Ginsenoside Reof|A] Hol= 2AIFO 2 QA Ha

[e]

%

%

gl

AFo] S Bt Ginsneoside Rex @lA o]2o] Wojx|o| E7J3t o] 291 m/z 7995 F
ot m/z 7832 &2 #AF S 24+ Ginsenoside F0l+= £ S 7HK]+= 4

710
o] 1, m/z 1149 = quinquenoside R1, 1107 Rblo =2 grs{&ct.

10 719} A& 5 A5t § 40719 Hiol8& UEUIL. o] Atw
=< MZmine 2.125 ©]&35}o] Holg AX2E AlSgstct. Fld dolH& CSV o=z
Hete o] $EE T o] HojH = AEQ Atrot WS 2T mshe JAo|H o] ¥

= & 24 Aol S84 Haot E|ict. DI-MSQF DI-MS/MS+= T35 7g2|stof Hlo]E]

st W QU ¢7] 2o golg X 2]= MassLynx program (Waters, Milford, MA,

USA)=2 AliE]ct o=z 54 EA4-2 SIMCA-P program (Umetrics, Umea, Sweden)
x

Scores Plot Scores Plot

ape =2 a PG
+« PN PN

VG V6

£ ppl0msXML pen

& FUDPRIIMT e + pa2 maXML pe
"

a + 1 XML
sl ...

£ poB mIXML KepkD.max 1 b

< “"""’%9"3”
- "gpu&me ALY
vt

0s

voLmaxi

mmm 3
v B AL

PC2(38%)
3
Component 2 (3.7 %)

0.0

V0 mEXML pe
VIR ey e

05

B RINA

+ paLmIML peak

T T T
4 2 L] 2 2 0 2 4

PC1(957 %) Component 1 (95.7 %)

Figure 6. DI-MS A 30] &% (&} PCA, &: PLS-DA)



PC2(02%)

Figure 7. DI-MS/MS score plot (&}: PCA, $: PLS-DA)

Scores Plot

.

A RFREHDME N
XM pell mIXML peak

X pq@.maXML peak “‘mgﬂ

+ pnl0.mIXML pea

+ prsindOR LR peat

5 PG
+ PN

V6

+ o mEXMAL T MU panh W s
"+ pn2.meXML - e
»

4 pALMIXML peak
4 pnB.mIXML peat

) vﬂ.mlllﬂ;' 'ﬁ. .i ik e

VO.mXML peak

jeak

T T T T

38 36 34 32
PC1(998%)

-30 28

Component 2 (3.1 %)

10

05

0.0

05

1.0

Scores Plot

a PG
+ PN
x PQ
VG
4 pn2 mIXML pe
o AR e
iR e Vo3 mIXML pe
;( PAR.MIXML pe
e x
B W o
i R
Volgadidb Rt p
XML pe S T Vaelad
i & pgh.maXhL pe V§2.mzXML pe
& pgB.mXML pe
% pad. Jzn.u..n pe. lm” VEO.mIXML pe
ve8.mzXML pe
S5 R » vob maXML pe
g7 mzXML de
\
X paS.maXML pe
T T T T T T T
4 2 0 2 4 6 8

Component 1 ( 95.7 %)



DI-MS ®#iat DI-MS/MS ®9] &4 532 vlast| 4ste] PCAE PLS-DAY]
I5et S sttt & WY veh FdS BRI, DI-MS/MS wio] of A=t
¢ AEeE Bloh 7P 4o & PC7E 90%S 2957l Wiwoll & £A30] 52 A9

=
C2 71E02 o|2ojArt. ol Aute “IFOR DI-MS/MS7} DI-MS7H o 183
=& uhgolet AZIE|QIch 3 DI-MS/MSHE HE 2740 maiWe el

=
2 4 9] gEo] 2UL wE BAst: o PEI YHos Y & g0l

o

-n
o

i
V2
)

i)

I

oA
o8
n

2 o
i

2.4l 7§ A4 FoA Q] marker Y4} vl

O ol@ m/z 1149% PQOIA CHE Qitit: b2 S FS BACh EF m/z
783 o ®AolM PV EAAQl 0|29l 653 Beith et AA| me)auieloldel IE

3. Validation

DI-MS/MS ¥i9] 848 7ZAZ=3517] Y35t Cross validationo] Aol ALL]Qict 1
% Leave one out cross validation2 G|o|E|7} 43 #+O.2 U o] she] mtEZ} U A]
o] mjeg} ujmsEjo] AEAT 54 Uehje wolt) o] A2 R2 (goodness
of fit)1} Q2 (predictive ability) = ZtzF 0.54761 0.53110]9)c}t. o] Ayt= Addst A3y

10



I o 53 UEUITE Permutation testi= o] A7t Alg/do] Q=A] A5 sk Yol
of. 21719l B/ 2lolE2 FARE 2008 RiEE|o] HFEC o] HAES Aube R29}
Q27}F 0.37} 0.059] o]slojof 1 Alg]Ao] AZ =} 2 Aol Al permutation testo]
R2 3k Q2352 0.0919¢ -0.255%1 o2 =4 &2 gro] ystA 9= o] opdS 59
Cl=

11



.
el

A}
=i

Ql

£ Direct infusion MS/MS Ho g2

ok

=R
i

1.

gl

WEFE 2l A0 71 B

ul@A Al29 gol7t A

EIRECE ]

°

Q
$)

715 ol

o
}o]

to] DI-MS/MSe} DI-MS¥H9] ZAuprt 8|2 &)

5t7] Yo
Fo] leave one out cross validation¥} permutation testE ~-&

H=
oo

2ol M2Ye

2
2dlold e ¢

94

168

A
=

9

3}

dH
=

o,

]

Kr

ol

o

|
=)
T

rl

o= tept,

A=A

ol

Q4 o]9j9] 12

=,

AT

=
=

ARE

de

=
=

& EAR A2

gl
28

12



V.

gt
rak

ISR

1) Shinae Kim, Byong-kyu Shin, Dong Kyu Lim, Tae-jin Yang, johan Lim, Jung Hill Park, Sung
Won kwon, Expedious discrimination of four species of the Panax genus using direct infusion -
MS/MS combined with multivariate statistical analysis. Journal of Chromatography B,

1002(2015) 329-336.

14



Abstract

A new approach using direct infusion MS/MS (DI-MS/MS) has been performed for the
metabolomic discrimination of four species in the Panax genus. The four kinds of ginseng samples such
as P. ginseng, P. notoginseng, P. quinquefolius and P. vietnamensis were analyzed to develop an
experinatal tool for authenticating ginseng. Four marker ions (m/z 783.5, 945.5, 1107.5 and 1149.2) for
the DI-MS/MS analysis were selected from the data of LC-MS screening results. The target ions were
classifiers of the four species. DI-MS/MS provided the structural information of the target ions, spectral
data and high sensitivity in the shorter time than normal LC-MS analysis. Principal component analysis
(PCA) and partial least squares-discriminant analysis (PLS-DA) of the DI-MS/MS fingerprinting
showed distinct grouping tendency of the data. The results were validated with cross validation and a
permutation test to confirm the utility of the statistical models. The spectral intensities of four species
were compared to each other using box plots, which allowed direct authentication of the Panax species.
This method suggested improved efficiency better than other current methods for the discrimination of
large quantities of plant samples. Furthermore, to the best of our knowledge, this is a new approach in

which DI-MS/MS has been used for the discrimination of ginseng samples.
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